The medial prefrontal cortex (mPFC) is highly activated by stress and modulates neuroendocrine and autonomic function. Dopaminergic inputs to mPFC facilitate coping ability and demonstrate considerable hemispheric functional lateralization. The present study investigated the potentially lateralized regulation of stress responses at the level of mPFC output neurons, using ibotenic acid lesions. Neuroendocrine function was assessed by plasma corticosterone increases in response to acute or repeated 20 min restraint stress. The primary index of autonomic activation was gastric ulcer development during a separate cold restraint stress. Restraint-induced defecation was also monitored. Plasma corticosterone levels were markedly lower in response to repeated versus acute restraint stress. In acutely restrained animals, right or bilateral, but not left mPFC lesions, decreased prestress corticosterone levels, whereas in repeatedly restrained rats, the same lesions significantly reduced the peak stress-induced corticosterone response. Stress ulcer development (after a single cold restraint stress) was greatly reduced by either right or bilateral mPFC lesions but was unaffected by left lesions. Restraint-induced defecation was elevated in animals with left mPFC lesions. Finally, a leftbiased asymmetry in adrenal gland weights was observed across animals, which was unaffected by mPFC lesions. The results suggest that mPFC output neurons demonstrate an intrinsic right brain specialization in both neuroendocrine and autonomic activation. Such findings may be particularly relevant to clinical depression which is associated with both disturbances in stress regulatory systems and hemispheric imbalances in prefrontal function.
The medial prefrontal cortex (mPFC) is highly activated by stress and modulates neuroendocrine and autonomic function. Dopaminergic inputs to mPFC facilitate coping ability and demonstrate considerable hemispheric functional lateralization. The present study investigated the potentially lateralized regulation of stress responses at the level of mPFC output neurons, using ibotenic acid lesions. Neuroendocrine function was assessed by plasma corticosterone increases in response to acute or repeated 20 min restraint stress. The primary index of autonomic activation was gastric ulcer development during a separate cold restraint stress. Restraint-induced defecation was also monitored. Plasma corticosterone levels were markedly lower in response to repeated versus acute restraint stress. In acutely restrained animals, right or bilateral, but not left mPFC lesions, decreased prestress corticosterone levels, whereas in repeatedly restrained rats, the same lesions significantly reduced the peak stress-induced corticosterone response. Stress ulcer development (after a single cold restraint stress) was greatly reduced by either right or bilateral mPFC lesions but was unaffected by left lesions. Restraint-induced defecation was elevated in animals with left mPFC lesions. Finally, a leftbiased asymmetry in adrenal gland weights was observed across animals, which was unaffected by mPFC lesions. The results suggest that mPFC output neurons demonstrate an intrinsic right brain specialization in both neuroendocrine and autonomic activation. Such findings may be particularly relevant to clinical depression which is associated with both disturbances in stress regulatory systems and hemispheric imbalances in prefrontal function.
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The medial prefrontal cortex (mPFC) is an important region in mediating responses to stressf ul situations. This region is known to modulate neuroendocrine f unction during stress by regulating the hypothalamic -pituitary -adrenal (HPA) axis (Feldman and Conforti, 1985; Meaney and Aitken, 1985; McEwen et al., 1986; Diorio et al., 1993; Herman and Cullinan, 1997) and by acting as a site for glucocorticoids to exert negative feedback modulation of HPA activity (Diorio et al., 1993) . The mPFC also regulates a variety of autonomic f unctions associated with stress in both rats (Henke, 1984; Sullivan and Henke, 1986; C echetto and Saper, 1990; Neafsey, 1990; Neafsey, 1991, 1994; Henke et al., 1992) and humans (Damasio et al., 1990; Damasio, 1994) . The mPFC, in particular the infralimbic and prelimbic cortices, can directly modulate neuroendocrine and autonomic f unction via projections to a number of diencephalic, brainstem, and spinal control centers, and indirectly via projections to limbic areas that also regulate these regions (Terreberry and Neafsey, 1987; Hurley et al., 1991; Bacon and Smith, 1993) .
The mesocortical dopamine (DA) projection originating in the ventral tegmental area provides an important modulatory input to the mPFC. This projection is potently activated in times of stress (Thierry et al., 1976; Deutch and Roth, 1990; Sullivan and Gratton, 1998) and plays a role in facilitating coping behaviors and protecting against stress-related pathologies (Ray et al., 1988; Scatton et al., 1988; Carlson et al., 1993; Sullivan and Szechtman, 1995) , presumably by dampening the activity of mPFC output neurons. Recent studies however, have revealed numerous left/ right hemispheric asymmetries in the mesocortical DA projection in both basal conditions (Slopsema et al., 1982; Carlson et al., 1993; Sullivan and Szechtman, 1994; and in response to stress (Carlson et al., 1991 (Carlson et al., , 1993 (Carlson et al., , 1996 Sullivan and Szechtman, 1995; Sullivan and Gratton, 1998) .
The purpose of the present study was therefore twofold. First, we sought to describe more precisely the role of the mPFC in regulating neuroendocrine and autonomic changes associated with either acute or repeated stress by using ibotenic acid to destroy the intrinsic (including output) neurons of the mPFC. Second, we wanted to determine whether such manipulations of the left and right mPFC reveal inherent functional asymmetries in the regulation of physiological stress responses, as their DAergic inputs have been shown to do.
As an index of neuroendocrine activation, we examined the elevation in plasma corticosterone (CORT) levels after either the acute or repeated exposure to a brief room temperature restraint stress. The primary index of autonomic responsivity was the formation of gastric ulcer pathology in response to a longer duration cold restraint, a process known to be mediated by the vagus (Ray et al., 1987; Glavin et al., 1991) .
MATERIALS AND METHODS
Animals. Fifty-nine male Sprague Dawley rats (Charles River, St. Constance, Quebec) weighing 300 -350 gm were used in the present study. The animals were housed singly with food and water available ad libitum and were maintained on a 12 hr light /dark schedule (lights on at 8:00
A.M.). All procedures in the present study conformed to the guidelines of the C anadian Council on Animal C are.
Surger y and testing procedures. On the day of surgery, rats were pretreated with atropine sulfate (0.1 mg / kg, i.p.) and anesthetized with sodium pentobarbital (60 mg / kg, i.p.). Animals received either sham (n ϭ 17) or ibotenic acid lesions in the left, right, or bilateral mPFC (n ϭ 14 per group). T wo adjacent injection sites were targeted in each hemisphere [anteroposterior (AP) ϩ3.5, lateral (L) Ϯ0.8 bregma, ventral (V) Ϫ4.7 from dura, and AP ϩ2.5, L Ϯ0.8, V Ϫ3.5 with skull horizontal as described in Paxinos and Watson, 1982] . Solutions (5 g /0.5 l of ibotenate or saline vehicle) were injected via a 1 l Hamilton microsyringe that was lowered stereotaxically into the brain. Each injection was performed over a 2 min period, with an additional 4 min allowed for diff usion away from the tip of the microsyringe.
Fifteen days after surgery, all rats were placed in Plexiglas large rodent restrainers for 20 min at room temperature, with blood samples (ϳ50 l) collected at 0, 20, and 80 min from the tip of the tail vein, to determine plasma C ORT levels under prestress, peak, and recovery conditions, respectively. Rats were returned to their home cages between the 20 and 80 min sampling periods. Samples were always collected between 10:00 A.M. and 2:00 P.M. Immediately after the 80 min sampling, rats underwent a 2.5 hr cold restraint stress (4°C) in the same restrainers, so that stress ulcer formation could be assessed. This was the minimum duration of cold restraint required to reliably observe the development of gastric pathology in control animals.
As summarized in Table 1 , rats in each lesion condition were randomly subdivided into acute and repeated restraint treatments, based on the 20 min room temperature restraint for plasma C ORT assessment. The neuroendocrine data for the repeated groups thus represents the fifth exposure to the same (mild) stressor. All rats in the study received a single, subsequent cold restraint stress on day 15.
As well, during the first four daily (20 min) restraint sessions in the repeated groups, the number of fecal boli were recorded during the restraint sessions as a general index of autonomic reactivity. This measure was not recorded on the final test day when blood sampling was also conducted.
The inclusion of repeated (as well as acute) restraint groups allowed for the assessment of habituation of the plasma C ORT stress response and for the possible dissociation of the mPFC regulation of an acute stress response versus one that incorporates a learning /experiential component. This design also provided the opportunity to study whether repeated experience with a mild stressor would be adaptive or maladaptive to the ability to cope with a subsequent more stressf ul situation (cold restraint).
CORT assay. Plasma C ORT levels were measured by radioimmunoassay as previously described by Krey et al. (1975) with a highly specific C ORT antiserum (B3-163; Endocrine Sciences, Tarzana, CA) and 3 H-C ORT (101.0 C i /mmol; New England Nuclear, Boston, M A) as tracer. The minimum level of detection with the assay is 1 ng /ml. The antiserum cross-reacts slightly with desoxycorticosterone (ϳ4%) but not with cortisol (Ͻ1%).
Stress ulcer assessment and histolog y. Immediately after cold restraint, animals were deeply anesthetized with chloral hydrate (400 mg / kg, i.p.). Stomachs were dissected out, cut along the greater curvature, and washed in cold water. They were then examined by an experimenter who was blind to the treatment conditions, with a dissecting microscope equipped with an ocular reticle and measured to the nearest 0.1 mm for the total length of mucosal hemorrhages (ulceration) in the glandular portion of the stomach. Adrenal glands were also dissected out at this time and weighed to the nearest 0.1 mg. Rats were perf used intracardially with 0.9% saline and 10% formalin and brains removed for histological purposes. Brains were later sectioned at 25 m at Ϫ20°C and stained with thionin to determine the extent of ibotenate-induced cell loss in the mPFC.
Statistical anal ysis. For the analysis of plasma corticosterone levels, acute and repeated restraint treatments were analyzed separately, because these treatment differences were expected to substantially affect this measure. For each treatment a two-factor ANOVA was performed with factors of lesion (sham, left, right, bilateral) and sample (0, 20, and 80 min), with repeated measures on sample. The single dependent measure of gastric stress pathology was examined with a two-factor (lesion ϫ treatment) ANOVA. The index of defecation across days of restraint was analyzed with a two-factor (lesion ϫ days) ANOVA with repeated measures on days. Finally, adrenal weights were analyzed with a three-factor (lesion ϫ treatment ϫ side) ANOVA with repeated measures on the within subjects factor of side (left or right adrenal). After significant main effects or interactions, individual group comparisons were performed using T ukey's post hoc analysis. In addition, correlational comparisons were made between variables using Pearson's test of correlation coefficients. All statistical tests were performed with SPSS/ PCϩ software.
RESULTS Histology
Figure 1, A and B, demonstrates the extent of ibotenate-induced cell loss in mPFC-lesioned animals. The minimum amount of damage in all lesioned animals included the infralimbic and prelimbic cortex as well as the rostral (pregenual) portion of the anterior cingulate. Additional damage in a number of animals extended rostrally to the ventromedial orbitofrontal cortex and posteriorly to more caudal regions of (supragenual) cingulate, and in some cases dorsally to the cortical surface in the region of the injection cannula tracts. In bilateral lesion groups, the extent of cortical lesions was highly symmetrical in individual animals, and lesions in left and right unilateral groups were indistinguishable in their extent. Unilateral lesions never infringed on the contralateral cortex and in no cases were subcortical structures affected. Finally, in no single group did variations in the total extent of lesion appear to be related to any of the stress measures obtained in the study, suggesting that the most relevant cortical region or regions mediating the described effects on stress responses are those within the area of minimal lesion-induced damage common to all lesioned animals. It can be seen that although the acute groups received a single 20 min restraint, repeated groups received the same stress on five occasions. All animals were exposed to a single cold restraint stress at the completion of testing on the 15th postsurgical day. Figure 2 depicts the plasma C ORT levels across lesion and treatment conditions. Animals adapted markedly to the repeated restraint condition; (initial analysis revealed a treatment effect of F (1,51) ϭ 83.46; p Ͻ 0.00005). The results of statistical analysis for acute and repeated treatments are detailed in the Figure 2 legend. Lesions of the mPFC reduced plasma C ORT levels, such that with acute treatment, prestress levels were reduced by right or bilateral lesions, whereas in repeatedly restrained animals, stressinduced increases in C ORT were suppressed by right or bilateral lesions. Left lesions did not significantly alter plasma CORT at any time. The large sample effects in each treatment condition reflect the typically large C ORT increases as a f unction of restraint.
Effects of lesions and treatments on plasma corticosterone profiles

Lesion effects on cold restraint-induced gastric pathology
As demonstrated in Figure 3 , mPFC lesions resulted in dramatic and highly asymmetrical reductions in stress ulcer formation resulting from the single exposure to cold restraint stress, regardless of previous experience with acute or repeated mild stress (20 min restraint at room temperature). Bilateral lesions greatly decreased gastric stress pathology. Right lesions alone were able to fully reproduce the effect of bilateral lesions, whereas left mPFC lesions had no significant effect on this autonomically mediated response to stress.
Effects of cortical lesions on restraint-induced defecation
During once daily 20 min room temperature restraint sessions, left-lesioned animals were more frequently observed to struggle excessively and to vocalize occasionally, unlike the other rats. The number of fecal boli was used as an index of emotional and Effects of mPFC ibotenate lesions and treatments on mean (Ϯ SEM) plasma C ORT levels in acutely ( A) and repeatedly ( B) restrained rats. The treatment difference in magnitude of C ORT levels is reflected by the different scales of the two figures, because the CORT levels of repeated restraint groups were approximately half those of acute restraint animals at all time points, indicating a marked HPA adaptation to this stressor. Solid bars depict the 20 min period of restraint stress (room temperature). In acutely restrained animals, significant main effects were found for both lesion (F (3, 27) ϭ 5.18; p ϭ 0.006) and sample (F (2,54) ϭ 87.45; p Ͻ 0.0005), with no lesion ϫ sample interaction. Although mPFC lesions tended to suppress C ORT levels across samples, group differences were only significant at the prestress time point, because both right and bilateral groups were reduced relative to shams (T ukey's post hoc analysis; *p Ͻ 0.05). As with acute restraint, repeated restraint treatment revealed significant effects for lesion (F (3, 24) ϭ 5.66; p ϭ 0.004) and sample (F (2,48) ϭ 58.45; p Ͻ 0.0005) with no interaction. In this case, significant group differences were seen only in peak C ORT levels, because both right and bilateral groups were significantly suppressed relative to shams (T ukey's post hoc analysis; *p Ͻ 0.05).
autonomic reactivity, and as revealed in Figure 4 , left-lesioned rats defecated more across days than other groups. Rats did not demonstrate habituation on this measure across days of testing.
Left/right asymmetry in mean adrenal weights
As depicted in Figure 5 , left adrenal weights were significantly greater than right adrenal weights across animals. The mean (Ϯ SEM) weights for left and right adrenals across groups were 29.6 (4.8) and 27.9 (4.5) mg, respectively. This measure was unaffected by mPFC lesion or by restraint treatment conditions.
Correlations between stress pathology and neuroendocrine measures
In general, stress ulcer pathology was positively correlated with plasma CORT levels, particularly in repeatedly stressed animals. In these animals, the most notable correlation was between ulcer pathology and peak CORT levels (r ϭ 0.56; p ϭ 0.002; n ϭ 28). The same relationship in acute animals failed to reach significance (r ϭ 0.21, NS). An additional measure of potential interest was individual adrenal gland asymmetry, computed as (L Ϫ R)/(L ϩ R), which was found to be related to stress measures in intact shams, but not in animals with mPFC manipulations. In acute shams, adrenal asymmetry was significantly related to ulcer pathology (r ϭ Ϫ0.72; p ϭ 0.020; n ϭ 10). In the repeated treatment shams this relationship was lost, however in this group, adrenal asymmetry was related to plasma corticosterone recovery levels (r ϭ Ϫ0.82; p ϭ 0.024; n ϭ 7).
DISCUSSION
A principal finding of the present study was that mPFC lesions suppressed HPA activity in response to acute or repeated restraint stress. Either right or bilateral lesions reduced prestress plasma CORT levels in acutely restrained animals, whereas the same lesions in repeatedly restrained animals decreased the peak stress-induced CORT response. Left mPFC lesions did not significantly affect plasma CORT levels. In response to cold restraint stress, mPFC lesions caused a substantial and lateralized reduction in stress ulcer pathology, as right brain lesions were both necessary and sufficient to inhibit ulcer formation, whereas left lesions were without effect. Restraint-induced defecation was increased by left mPFC lesions alone, and adrenal gland weights exhibited a left-biased asymmetry, regardless of lesion or treatment conditions.
Before discussing the lateralized nature of mPFC lesion effects, it is necessary to comment generally on their direction. The inhibitory effects of ibotenate lesions on HPA function suggest Figure 3 . Mean total ulcer length (Ϯ SEM) in mPFC -lesioned rats induced by a single 2.5 hr cold restraint session. A significant effect of mPFC lesion was observed (F (3, 58) ϭ 8.98; p Ͻ 0.0005), with no significant effect of treatment and no lesion ϫ treatment interaction. Regardless of previous experience with acute ( A) or repeated ( R) 20 min restraint stress, bilateral and right lesion groups each differed significantly from both the shams and left-lesioned animals (T ukey's post hoc analysis; *p Ͻ 0.05 in each case). Left-lesioned rats did not differ from shams, nor did right-lesioned rats differ from the bilateral lesion group. The inset reveals these pronounced lesion effect with treatments collapsed. S, L, R, and B refer to sham, left, right, and bilateral mPFC lesion groups, respectively. A significant lesion effect was found on this measure (F (3, 24) ϭ 6.82; p ϭ 0.002), with no effect for days and no interaction for lesion ϫ days. Rats with left mPFC lesions defecated to a greater extent than all other groups across days of testing. Figure 5 . Left /right asymmetry in mean adrenal weights. A significant main effect was observed for side (F (1,51) ϭ 7.56; p ϭ 0.008), because the left adrenal was larger across animals. There were no significant effects for either lesion or treatment on this gross measure of neuroendocrine status, and no significant interactions were found. The A and R represent acute and repeated restraint treatment conditions, respectively. that mPFC output neurons normally stimulate the HPA axis. This is supported by the finding that electrical stimulation of this region increases plasma C ORT levels (Feldman and Conforti, 1985) . One study however, using bilateral thermal lesions of mPFC (including anterior cingulate), reported no change in basal or peak plasma C ORT levels in response to 20 min restraint stress but an elevation in poststress recovery levels (Diorio et al., 1993) . This apparent discrepancy may reflect lesion differences (additional fiber damage with thermal lesions), placement differences (the present lesions appear to involve a greater area of mPFC), and possibly additional procedural differences.
The lesion-induced suppression of stress ulcer formation is consistent with reports that electrolytic lesions or neuronal inhibition of mPFC and /or anterior cingulate decrease stress-induced gastric pathology (Sullivan and Henke, 1986; Henke et al., 1992) . Conversely, electrical stimulation or neuronal disinhibition of these regions increase gastric pathology (Henke, 1984; Sullivan and Szechtman, 1995) .
The present decrease in plasma C ORT levels as a f unction of repeated restraint parallels the habituation of HPA activation previously described after repeated experience with the same stressor (Hauger et al., 1990; Lachuer et al., 1994; Bhatnagar and Meaney, 1995) . Although less commonly noted, the present repeated restraint groups also showed lower prestress C ORT levels, perhaps indicating a generalized adaptation to this particular procedure. Despite the HPA adaptation to mild restraint, this experience was neither adaptive nor maladaptive for subsequent stress ulcer formation after cold restraint stress. Although HPA activation frequently habituates with repeated same stress experience, stress responses are often exaggerated after later exposure to a heterotypic stressor (Scribner et al., 1991; Aguilera, 1994; Bhatnagar and Meaney, 1995) . This pattern however, is not universal (Spencer and McEwen, 1990; Aguilera, 1994) and depends on the stimulus properties (e.g., intensity) of the stressors. The present results demonstrate that differential experience with mild stress did not significantly affect the response to this heterotypic stressor and measure of pathology.
An interesting association between these two stress measures emerged however, as plasma C ORT levels and ulcer formation showed significant positive correlations in repeatedly but not acutely restrained animals. This suggests that whereas peak CORT responses to acute stress may not predict susceptibility to stress pathology, failure to adapt to repeated mild stress may signify vulnerability to the pathological effects of more formidable stressors. Although corticosteroids are known to be ulcerogenic (Borsch and Schmidt, 1985) , the above relationship does not imply causality, and interactions between HPA mechanisms and autonomically mediated stress ulcer formation are highly complex (Glavin et al., 1991) .
The pattern of lesion-induced suppression of HPA function differed between acute and repeated restraint treatments. Stressinduced C ORT elevations were reduced only in repeatedly restrained groups, suggesting a role for the mPFC in integrating experience with the modulation of neuroendocrine f unction. Medial cortical modulation of stress ulcer development has also been shown to vary as a f unction of experience, using a longer repeated stress protocol (Sullivan and Henke, 1986) .
The present findings on HPA regulation suggest that an intact right mPFC is necessary for maximal stress-induced activation, particularly for previously experienced stressors. HPA f unction in rats has been related to turning behavior (LaHoste et al., 1988) , but not directly to cortical asymmetries. Human data however, suggest a normal right hemisphere dominance in the control of cortisol secretion (Henry, 1997; Wittling, 1997) . Furthermore, human studies have described the experience-dependent maturation of neural systems in corresponding frontal cortical regions, which generate stress-regulating coping strategies and are lateralized predominantly to the right hemisphere (Schore 1996 (Schore , 1997 .
Indeed, the most notable aspect of the present findings concerns the extent of lateralized regulation of stress responses at the level of the mPFC in the rat. Although cerebral laterality in animals remains an underappreciated phenomenon, there are many such examples involving stress or emotionality-related processes, most commonly suggesting preferential roles for right brain mechanisms (Denenberg, 1981; Carlson et al., 1991 Carlson et al., , 1993 Carlson et al., , 1996 Davidson et al., 1992; Adamec and Morgan, 1994; Coleman-Mesches and McGaugh, 1995; Sullivan and Szechtman, 1995; Sullivan and Gratton, 1998) .
The presently reported cerebral asymmetry in the suppression of stress ulcer formation is consistent with findings of a similar study in rats using 6-hydroxydopamine lesions of the mPFC (Sullivan and Szechtman, 1995) . The latter demonstrated that right but not left lesions significantly increased cold restraint stress ulcers, most likely by disinhibiting the same mPFC neurons lesioned in the present study. These studies suggest that although the right mPFC may be necessary to mount a normal stress response, excessive activity of this region may be maladaptive. Prelimbic and infralimbic regions of mPFC are considered visceral motor regions and exert considerable influence over autonomic function (Cechetto and Saper, 1990; Neafsey, 1990 ). Unfortunately, studies of lateralized autonomic regulation in rats are lacking. Human studies have described right brain dominance in autonomic activation in particular and emotional expression in general (Gainotti, 1983 (Gainotti, , 1987 Davidson, 1992; Wittling, 1997; Meadows and Kaplan, 1994) , and such processes have been attributed importantly to the medial (orbital) prefrontal cortex (Damasio et al., 1990; Damasio, 1994; Schore, 1996 Schore, , 1997 .
The present measure of restraint-induced defecation was also asymmetrically affected by mPFC lesions, with left lesions increasing this response. Considering defecation a physiological index of emotional reactivity, this result profile conforms with earlier studies examining the effects of large unilateral cortical lesions on various emotionality measures in rats (Denenberg, 1981; Denenberg and Yutzey, 1985) . Although the right cortex was found to mediate such behaviors, the left cortex inhibited the emotional expression of the right, as left lesions alone resulted in greater than control levels on such measures. This pattern of results was not evident on the present index of neuroendocrine function, although in both treatment conditions, there was a nonsignificant trend for left lesions to produce the greatest stressinduced CORT elevations as percent prestress levels (data not shown). The fact that left lesions did not produce greater than control levels of gastric pathology may reflect the greater duration and intensity of cold restraint stress. Data suggest that the left mPFC is specialized in generating coping strategies for mild or initial stress exposure, whereas right mPFC mechanisms predominate in situations of prolonged or uncontrollable stress (for detailed descriptions, see Carlson et al., 1991 Carlson et al., , 1993 Sullivan and Szechtman, 1995; Sullivan and Gratton, 1998) . In the latter cases, interhemispheric influences of the nature described above may be rendered ineffective.
Finally, we report a left-biased asymmetry in adrenal gland weights, corroborating previous reports in both humans and rats (Freitas et al., 1978; Rubin and Phillips, 1991; Gerendai and Halasz, 1997) . The present lesions and stress protocols did not differentially affect this gross measure. Variations in asymmetrical adrenal regulation have been related to various human pathologies, particularly depression (Otto et al., 1991; Wittling and Schweiger, 1993; Szigethy et al., 1994) . The left-biased adrenal asymmetry may have an adaptive f unction, because in the present control animals, reversals of the normal adrenal asymmetry were correlated with increased ulcer pathology and elevated poststress CORT levels, possibly suggesting heightened vulnerability to stress. These relationships were less evident in animals with mPFC manipulations.
Overall, the data suggest a preferential role for the right mPFC in activating physiological stress responses. Such specialization may reflect perceptual processes and /or the integration of stressrelated inputs with appropriate outputs for neuroendocrine and autonomic regulation. These data may have clinical relevance to major depressive disorders, where heightened stress sensitivity and impaired coping ability coexist with disturbances in both cerebral laterality and stress-regulating systems (Barden et al., 1995) . Studies have revealed that either left frontal hypofunction or right frontal hyperfunction is associated with depressed states (Schaffer et al., 1983; Henriques and Davidson, 1991; George et al., 1996) . Specifically, the left ventromedial prefrontal region exhibits both volumetric and metabolic reductions in unipolar and bipolar depressed patients (Drevets et al., 1997) . Taken together with animal findings, these studies emphasize the pathological potential of imbalances within the mPFC, the f unctional distinctness of the left and right mPFC, and the need to study normal and abnormal asymmetries at this level.
